Mycorrhizal fungi influence the development and activity of communities of soil microorganisms. The purpose of this study was to estimate the effect of arbuscular mycorrhizal fungus Claroideoglomus etunicatum
Introduction
Arbuscular mycorrhizal fungi (AMF) comprises the most common group of soil fungi that exhibits mutualistic relationships with vascular plants [1] [2] [3] . AMF form a mycorrhizal symbiosis with a wide range of cultivated plant species and play an important role in decreasing the incidence of plant disease [4, 5] . By altering the composition and amount of root exudates, mycorrhizal fungi influence the development and activity of communities of soil microorganisms. The phenomenon of mycorrhizal symbiosis, therefore, does not always yield expected effects because the process is dependent on soil and environmental factors [6] . Stimulation of spore germination and contact between AMF and plants can be supported by metabolites of soil microorganisms, especially certain saprophytic bacteria and fungi [7, 8] . AMF also create favorable conditions for rhizosphere microorganisms activity that positive affects plants [9] . The formation of the mycorrhizosphere modifies growth conditions for microorganisms in the root zone, protecting plants against harmful microorganisms [10, 11] .
This study was developed to estimate the effect of the AMF Claroideoglomus etunicatum (W. N. Becker & Gerd.) C. Walker & Schüβler on the diversity of fungal communities in the rhizosphere, especially saprotrophs and pathogens, of tomato plants grown in plastic tunnels.
Material and methods

Field experiment
The study was conducted in the Department of Plant Protection at the University of Life Sciences in Lublin in the years 2015-2017. A field experiment was conducted at an ecological farm in Grądy (district Lublin) (51°05'36" N, 22°12'33" E), central eastern Poland. The objects of examination included three tomato cultivars (Lycopersicon esculentum Mill.) that are important for commercial production: ' Antalya F 1 ' , 'Esmira F 1 ' , and 'Pelikan F 1 ' . Crop rotation was used in the experiment with cucumber plants as a forecrop. Tomato seedlings produced in a specialized horticulture farm were planted in a plastic tunnel in the first week of May, spaced at 0.80 × 0.50 m. Each year, the field experiment was established as a two-factor experiment in a random block design in five replications. 
Laboratory analysis of rhizosphere
Throughout the study period (2015) (2016) (2017) , mycological analysis of the rhizosphere was conducted. The soil samples were taken from each experimental combination when the tomato fruits had fully ripened (first week of September -BBCH 89) by scraping material from each plant's roots and placed in sterile Petri dishes. Soil samples from five roots for each experimental combination was taken. In the laboratory, the soil samples were mixed into a single sample for each experimental combination. The mycological analysis of the rhizosphere was conducted using Martin's medium according to Warcup's method [12] . Twenty dishes for each experimental combination were prepared. The dishes were incubated at 24°C in darkness for 5-7 days. Fungal colonies grown from the rhizosphere soil were measured and then transferred to slants of potato dextrose agar (Difco and BBL). Next, fungal colonies were identified using the available mycological keys and monographs.
Statistical analysis
Soil fungi communities obtained from the mycological analysis of rhizosphere were compared using PAST 3.18 software [13] . The phylogenetic tree was constructed using Bray-Curtis cluster analysis with unweighted pair group method with arithmetic mean (UPGMA) and bootstrap test with 1,000 iterations. Principal component analysis was performed in STAMP 2.1.3 software based on the number of cultivable fungi count [14] .
Results
During the 3-year mycological analysis of the tomato rhizosphere, 3,806 fungal colonies comprising 42 species were isolated, and the genera Fusarium, Mucor, Penicillium, and Trichoderma were found to be the most numerous (Tab. 1, Tab. 2). Aspergillus fumigatus Fresen. The presence of Ascomycota and Mucoromycota fungi was noted in the rhizospheric fungal communities; fungi from the subtype Pezizomycotina and species from classes Sordariomycetes and Eurotiomycetes, as well as species from the class Dothideomycetes, were most dominant. Within the Eurotiomycetes class, the genus Penicillium was most common, followed by the genus Trichoderma and Fusarium from the Sordariomycetes class (Tab. 2, Fig. 1 ).
Among saprotrophs, the most numerous were Trichoderma ssp., Penicillium spp., and Mucor spp. (Tab. 2). In total, 1,372 isolates of Trichoderma spp. (especially T. harzianum and T. hamatum), 739 colonies of Penicillium spp. (especially P. aurantiogriseum, P. chrysogenum, and P. simplicissimum), and 638 colonies of Mucor spp. (M. circinelloides and M. hiemalis) were obtained during the mycological analysis of the tomato rhizosphere between (Tab. 1). The saprotrophic fungi isolated from the rhizosphere of tomato inoculated with C. etunicatum were more numerous (from 471 to 577 colonies) than the control (from 188 to 534 colonies) (Tab. 1).
In the rhizosphere samples from the control tomato plants, numerous fungal colonies of the genus Fusarium (mainly F. oxysporum on ' Antalya F 1 ' and F. solani on 'Esmira F 1 ') and Trichoderma (T. harzianum -' Antalya F 1 ' and 'Esmira F 1 ') were noted (Tab. 1, Tab. 2). In the rhizosphere of tomato plants inoculated with mycorrhizal fungus, the genus Trichoderma with the species T. hamatum and T. harzianum ('Pelikan F 1 ' -29.6%, ' Antalya F 1 ' -60.9%) and the genus Penicillium with the species P. aurantiogriseum, P. glabrum, and P. citrinum ('Pelikan F 1 ' -31.6%) dominated (Tab. 2).
Therefore, the results indicate that the mycorrhizal fungus C. etunicatum influences the differentiation of the rhizosphere structure of the tomato, causing a reduction in the number of colonies of F. oxysporum (by 76% for ' Antalya F 1 ' and 63% for 'Pelikan F 1 ') and F. solani ('Esmira F 1 ') compared to the control group. In addition, colonies of Trichoderrma spp. and Penicillium spp. significantly increased after root inoculation with mycorrhizal fungus (Tab. 1, Tab. 2, Fig. 1 ). Similarities between the examined fungal communities on the tested tomato cultivars are shown in Fig. 2 . The communities of rhizosphere fungi of ' Antalya F 1 ' and 'Esmira F 1 ' cultivars inoculated with mycorrhizal fungus significantly differed from the noninoculated cultivars, whereas the communities of rhizosphere fungi from inoculated 'Pelikan F 1 ' with C. etunicatum did not differ significantly from the noninoculated cultivars (Fig. 2) .
Discussion
AMF create favorable conditions for the biodiversity and activity of rhizosphere microorganisms that have a positive effect on plants [9, 15] , which was confirmed in the conducted experiment. The interactions of microorganisms are visible in soil communities that are highly complex and variable, but very important for plant development. The effect of AMF depends on a number of environmental and soil factors that can equally affect both the development and activity of AMF as well as saprophytic fungi [16] .
The presence of a symbiont in plant roots also induces direct and indirect effects on rhizosphere microorganisms [17] . AMF can effectively reduce root disease caused by soil-borne pathogens [18] . AMF also exhibited a positive effect on the increase on the numbers of pathogens, especially Fusarium spp., on the tomato rhizosphere. Certain soil microorganisms can be bio-controlling factors of plant pathogens, frequently exhibiting synergism of protective effects on plants alongside AMF. Some amino acids, ethylene, proteins, and isoflavonoids can be mediators between the positive rhizosphere microorganisms and AMF [3] . Tolerance to Fusarium crown and root rot appeared in the practical decline soil. The effect of AMF species, especially G. intraradices, demonstrated the highest effectiveness as a biocontrol agent [19] [20] [21] . Smith and Read [1] show the phenomenon of synergetic pathogen bio-control by simultaneously using mycorrhiza and saprotrophic fungi. Martinez-Medina et al. [22] showed that coinoculation of plants with the AMF and T. harzianum more effectively controlled Fusarium wilt than AMF inoculation alone. Stimulation of spore germination and contact between AMF and plants can also be supported by metabolites of soil microorganisms, especially certain saprophytic bacteria and fungi [8] . Our own studies have shown a significant increase in the number of Trichoderma spp. and Penicillium spp. colonies in the rhizosphere of tomatoes inoculated with AMF compared to controls for all tested cultivars. Similar results are shown by Thanoon and Jamiołkowska [12] as they present the effect of C. etunicatum on increasing the number of saprotrophic fungi in the tomato rhizosphere. The abovementioned saprophytic fungi are antagonists of many plant pathogens and are used as a natural biological protection factor. Trichoderma has been used against wilt diseases in tomato, melon, and cotton, as has Fusarium culmorum on wheat. Trichoderma harzianum exhibited 60-83% control of Fusarium diseases in naturally infected field soil [16] . Similarly, Penicillium spp. are considered good antagonists. Patkowska et al. [21] conducted laboratory tests that demonstrated the antagonistic properties of Panicillium spp. against F. oxysporum isolated from carrot soil. Studies have shown that P. chrysogenum, P. aurantiogriseum, P. verrucosum, and P. canescens inhibits the growth of F. oxysporum. Communities that are rich in antagonistic fungi are able to reduce pathogen growth [23] .
Conclusion
Inoculating tomato plants with C. etunicatum directly impacted the development of fungal biodiversity in the tomato rhizosphere, particularly by increasing the number of saprotrophs in the soil.
